Abstract Breast cancer is the leading cause of cancer death among Hispanic women. Certain dietary factors have been associated with the risk of breast cancer recurrence, but data in Hispanic survivors is scarce. Objective: to examine dietary patterns and diet quality in two groups of Hispanic breast cancer survivors. Methods: 23 MexicanAmerican (MA) and 22 Puerto Rican (PR) female breast cancer survivors completed a culturally adapted validated food frequency questionnaire. Intake was standardized per 1000 kcal and compared to US Dietary Guidelines and the DASH-style diet adherence score was calculated. Results: Overweight/obese was 70 % in MA and 91 % in PR. PR consumed diets rich in fruit/100 % fruit juices and beans, while MA diets were high in vegetables, beans, and total grains. Both groups consumed high amounts of starchy vegetables, refined grains, animal protein and calories from solid fats and added sugars but low intakes of whole grains, dairy products and nuts and seeds. DASH scores were relatively low. Conclusion: MA and PR female breast cancer survivors have different dietary patterns but both groups had relatively low diet quality. These groups could benefit from culturally tailored interventions to improve diet quality, which could potentially reduce cancer recurrence.
Introduction
Breast cancer is one of the leading causes of morbidity and mortality in the world. Breast cancer survivors comprise the largest group of cancer survivors in the US, with an estimated 2.8 million survivors [1] . Breast cancer is the leading cause of cancer death among Hispanic women, the second largest race/ethnic group in the US [2] . Even though the breast cancer prevalence is lower in Hispanics compared to non-Hispanic whites, Hispanic women are more likely to die from breast cancer than non-Hispanic whites [3] , which could be related to differences in access to treatment and preventive screening. In Puerto Rico, breast cancer accounts for 34 % of cancers [4] . In the US, breast cancer accounts for 28 % of cancers in Hispanics [5] , of which most are Mexican-Americans.
Certain dietary factors have been associated with a decreased risk of breast cancer recurrence. These include diets low in fat but high in fruits, vegetables and soy based foods [6, 7] . On the contrary, diets high in alcohol intake and fat dairy products increases the risk of recurrence [8, 9] . Interventions to encourage a high quality dietary pattern should be studied in breast cancer survivors. However, current eating patterns in Hispanic breast cancer survivors require investigation in order to appropriately adapt dietary interventions for this population.
Within the Hispanic ethnicity, there are differences in race, country of origin, levels of acculturation, English language proficiency, foods preferences, etc., all of which interact with parameters that affect health behaviors, including dietary patterns. Data from the Hispanic Community Health Study/Study of Latinos, a population-based cohort study of Hispanic/Latino adults of diverse backgrounds showed a large variation in dietary patterns between the group studied, which included MexicanAmericans, Puerto Ricans, Dominicans, Cubans, Central Americans and South Americans [10] . For example, this study found the lowest fruit intake among Puerto Ricans and the highest among Dominicans and the lowest vegetable intake among Dominicans and the highest intake among Mexicans Americans.
Thus, it is important to study how dietary patterns differ between and within specific ethnic populations so that culturally relevant behavioral interventions to improve dietary patterns can be developed. However, little is known about dietary patterns among the different Hispanic groups of breast cancer survivors. Therefore, the aims of this study were to examine the dietary patterns (fruits, vegetables, meats, water, sugary beverages, fats, refined and whole grains, dairy products, seeds and nuts, alcohol and diet quality) in two groups of Hispanic breast cancer survivors, Mexicans-Americans and Puerto Ricans. Results from this study could increase our understanding of the dietary patterns in this group of at-risk women.
Methods

Study Design
We report on dietary intake from women who participated in Project VIVA!, a randomized controlled trial designed to pilot test the effectiveness and feasibility of a 16-week culturally tailored exercise intervention for sedentary Mexican-American and Puerto Rican breast cancer survivors. The study was conducted in two sites: The University of Texas MD Anderson Cancer Center in Houston, Texas and The University of Puerto Rico Cancer Center in San Juan, Puerto Rico. Participants were randomized to a 16-week culturally-adapted exercise program, a non-culturally adapted standard exercise intervention or a wait-list control group. At the end of the trial, participants completed a culturally adapted and validated food frequency questionnaire (FFQ).
The study was reviewed and approved by an institutional review board at both sites and all participants provided consent to participate.
Participants
Eligibility criteria of the main study were: 21 years of age or older; self-reported Mexican-American or Puerto-Rican; at least 3 months post-treatment of breast cancer; not meeting the American College of Sports Medicine guidelines for physical activity [11] , not taking cancer treatment medications (except hormonal therapy) and having completed the FFQ.
Study Procedures and Measures
Demographics and Health
A short demographic survey was administered to participants at baseline only. Information on age, race and ethnicity, educational level, household income, medical history and current medications were collected. Physical activity and sedentary time in the past 7 days was assessed using the short version of the International Physical Activity Questionnaire at 16 weeks.
Body Composition
Height (m) and weight (kg) were measured following standard procedures [12] . Participants were classified as healthy weight if BMI was \25 kg/m 2 ; overweight if BMI was 25-29.9 kg/m 2 and obese if BMI was C30 kg/m 2 .
Food Frequency Questionnaire (FFQ)
A culturally adapted and validated FFQ was administered at the end of the 16 weeks. Interviewers were trained under the same protocol procedures to conduct thorough and comparable dietary assessment interviews at both sites (using the same prompts, portion models, etc.). For the Puerto Rican site, a semi-quantitative FFQ developed for Puerto Ricans living in Boston, Massachusetts [13] and further adapted and validated for Puerto Ricans living in Puerto Rico [14] was used. The FFQ has 193 items with their frequency of consumption in the last 12 months and portion size for some of the items. For certain items, participants were asked if the food was ''regular'' or ''whole grain'' or if it was ''regular'', ''reduced sugar/fat'' or ''without sugar/fat''. Summary questions were also included at the end of each section and at the end of the FFQ on the use of salt at the table, most often used fat in cooking, frequency of dining out, and the usual meal location. Open-ended questions were included for participants to specify the breakfast cereals and the type of breads most frequently consumed, and to specify frequently consumed foods not included on the FFQ. Finally, it included a section on supplement use. The FFQ was interviewer-administered by phone or in person. To help participants estimate the portion sizes, a portion size booklet was sent by mail prior to the call. This booklet contained black and white drawings of actual serving portions, including images of spoons, bowls, cups, and serving sizes, of the foods included in the FFQ. Nutrient profiles and food groups intakes (servings) were calculated with the Nutrition Data System for Research (NDSR, program 2.8, version 25, University of Minnesota, Minneapolis, MN). Intake of food groups were transformed from servings to MyPyramid Equivalents when necessary.
For Mexican-Americans, the FFQ used was a version of the National Cancer Institute Block Health Habits and History Questionnaire [15] further modified to include commonly consumed ethnic foods that are major contributors to nutrient intake in Texas [16] . The FFQ queries the frequency of consumption of 170 items over the last 12 months and includes a section on supplements. The FFQ was interviewed-administered with portion size models (measuring cups and spoons, and 8 and 12 oz Styrofoam cups). The questionnaire first included questions on recent diet changes (if they were on a special diet in the last year) and general queries on how often they consumed fruits, vegetables, cold cereals, milk, and fats typically used in cooking. For each item, the medium portion size was presented and participants were asked to select if their usual portion size was small, medium (the reference provided), large or extra-large (for certain items). In addition, for certain items, participants were asked if it was regular, reduced or without fat. For orange juice, participants were asked if it was fortified with calcium. An open-ended question was included at the end for participants to specify any frequently consumed foods not included in the FFQ. The frequency and portion size of each food item was integrated into MyPyramid Equivalents Database, 2.0 for USDA Survey Foods, 2003-2004 (MPED 2.0), which calculates the cup/ounce equivalent for each ingredient and assigns components to food groups, based on MyPyramid [17] .
Although the two FFQs contain different queries for some of the individual food items, we used uniform standard methods (described above) to create comparable food groups (e.g., fruits, vegetables, dairy) from these items. Thus while the list of food items within each food group may be slightly different between the two sites, both FFQs had been validated for total energy intake and they both represented the whole diet for each group. Therefore, when adjusted for total energy intake (by site/FFQ instrument), they are considered comparable for derived food groups.
Food Group Intake and Diet Quality Assessment
Intake of nutrients and food groups from the FFQs were adjusted for 1000 kcals for all participants. Key nutrients, including energy intake, macronutrients and micronutrients, were compared between these two groups. Intake of food groups was also compared between the 2 groups. In addition, we also compared intake from both groups to the US Dietary Guidelines, which recommends a number of portions from each food groups for the general population. Also, we compared percent calories from protein, carbohydrate and fat to the recommended ranges as reported by the Acceptable Macronutrient Distribution Ranges (AMDR) [18] . Lastly, we calculated the Dietary Approach to Stop Hypertension (DASH)-style diet adherence score [19] . Although the DASH diet was originally designed to lower blood pressure, the objectives of this diet (increasing fruits, vegetables, whole grains, low fat dairy, leans meats and fishes, nuts, seeds, and legumes; and reducing saturated fats, sweetened beverages and sodium) are relevant to health outcomes in overweight/obese breast cancer survivors. As mentioned previously, diets high in fruits and vegetables and low in fat have been associated with a decreased risk of breast cancer recurrence [6, 7] . Studies using the DASH diet score have found an inverse association between a high score and the risk of obesity, cardiovascular diseases, diabetes mellitus and cancer [19] [20] [21] in different populations, including Hispanics [22] .
Briefly, this scores ranks intake from 8 key diet components: fruits, vegetables, nuts and legumes, low-fat dairy products, whole grains, sodium, red and processed meats, and sugar sweetened beverages [19] . Women are classified into quintiles according to their intake ranking. For the first 5 components (fruits, vegetables, nuts and legumes, low-fat dairy products, whole grains) a score of 5 is given for those classified into quintile 5 while a score of 1 is given to those classified into quintile. 1. For sodium, red and processed meats, and sugar sweetened beverages, a reversed score is used, as low intake of those foods is desirable. Therefore, those classified in quintile 1 are assigned a score of 5 points while those classified in quintile 5 are assigned a score of 1 point. The component scores are then added to obtain an overall DASH-style diet adherence score ranging from 8 to 40.
Statistical Analyses
Mean and standard errors were computed for continuous variables and frequencies for categorical values. Socio-demographic characteristics were compared among Puerto Ricans and Mexican-Americans using a two-tailed T test or Fisher's exact test, when appropriate. Intake of macronutrients and food groups were compared among Puerto Ricans and Mexican-Americans using Analysis of Variance (ANOVA), adjusting for age (significant variable between groups) and for energy intake as continuous variables. DASH-style diet adherence score was categorized into tertiles and compared by BMI groups and also by exercise treatment groups using ANOVA and ANCOVA. All analyses were performed using Microsoft Excel (2007, Microsoft) and the SAS software (Version 9.2, SAS Institute, Cary, NC). Statistical significance was set at p \ 0.05.
Results
A total of 22 Puerto Rican and 23 Mexican-American female breast-cancer survivors completed the FFQ at the end of the parent study. Table 1 shows the socio-demographic characteristics of these groups. Puerto Rican women sampled tended to be older than the MexicanAmerican women (p \ 0.05). Most Puerto Rican and Mexican-American women had some college or a college degree (54.5 and 56.6 %, respectively) and most were married (45.5 and 60.9 %, respectively; p [ 0.05). More Puerto Rican women were overweight/obese (90.9 %) as compared to Mexican-American women (69.5 %), but this difference was not statistically significant (p [ 0.05). Table 2 shows energy and macronutrient intake in the sample. Energy intake was similar between groups. Puerto Rican women had higher proportion of calories from fat, saturated fatty acids, monounsaturated fatty acids and polyunsaturated fatty acids but lower proportion of calories from carbohydrate and less fiber intake compared to Mexican-American women. Compared to the recommendations, calories from protein and carbohydrate were within the AMDR in both groups, while calories from fat and saturated fatty acids were above the recommended levels in Puerto Ricans. Fiber intake was half of the recommended level in Puerto Ricans but on target in MexicanAmericans. Table 3 shows food groups intake in the sample adjusted for age and energy intake. Mexican-American women had higher intake of fruits, total vegetables, total grains, whole grains, added fat, and calories from solid fats and added sugars compared to Puerto Rican women (p \ 0.05). However, Puerto Rican women had higher intakes of starchy vegetables and added sugar compared to MexicanAmericans (p \ 0.05). Compared to general recommendations, Puerto Ricans had intakes similar to the recommended levels for fruit and 100 % fruit juices and beans while Mexican Americans had intakes similar to the recommended levels for vegetables, beans, and total grains. Both groups had intakes greater than recommended levels for starchy vegetables, refined grains, foods from the protein group and calories from solid fats and added sugars, while consumption of whole grains, dairy products and nuts and seeds were well below recommended levels for both groups. In addition, Mexican Americans had intakes well above the recommendations from fruits, which also includes 100 % fruit juices. Table 4 shows the DASH-style diet adherence score in the sample. This was calculated separately for each group. The total DASH-style diet adherence score for Puerto Ricans is 23.9 and for Mexican Americans is 24.0 out of a total of 40 points. In general, mean servings of each food group were higher in Mexican Americans. Daily sugar sweetened beverage (SSB) intake was particularly high in Puerto Ricans, Fig. 1 . BMI was similar among the three groups (p [ 0.05). Also, DASH-style diet adherence score tertiles were compared among the three exercise treatment groups, with no differences among the groups (data not shown).
Discussion
In this pilot study, Puerto Rican and Mexican American female breast cancer survivors demonstrated different dietary patterns. Puerto Ricans consumed diets low in fiber and rich in fruit/100 % fruit juices and beans, while Mexican Americans consumed diets rich in vegetables, beans, and total grains. Both groups consumed high amounts of starchy vegetables, refined grains, animal protein and calories from solid fats and added sugars but low intakes of whole grains, dairy products and nuts and seeds. Compared to the recommendations, both groups had low intakes of whole grains, dairy products and nuts and seeds and high intakes of starchy vegetables, refined grains, foods from the protein group, particularly red meat, and calories from solid fats and added sugars. Adherence to the DASH-style diet, which emphasizes the intake of plant proteins, fruits and vegetables, moderate amounts of lowfat dairy products, and low amounts of sweets and sodium, was somewhat low and not related to weight status. These dietary patterns are consistent with those found in other studies in Puerto Rican and Mexican American individuals. Data from the Hispanic Community Health Study/Study of Latinos also reported different dietary patterns among these groups [10] . Puerto Ricans had the lowest intake of fruits (1.4 servings/day), vegetables (2.5 servings/day) and fish (0.5 servings/day) and highest intake of sugar-sweetened beverages (1.8 servings/day) compared to the other groups. In addition, intake of whole grains was rather low (0.8 servings/day) compared to refined grains (5.6 servings/day) as well as dairy intake (1.6 servings/day). In Mexican Americans, intake of fruits (1.9 servings/day), vegetables (3.4 servings/day), and whole grains (2.8 servings/day) were higher, intake of dairy products (1.7 servings/day) was similar and intake of sweetened beverages (1.5 servings/day) was lower compared to Puerto Ricans. These results are consistent with what we found in the present study. In addition, baseline data from 3088 breast cancer survivors in the Women's Healthy Eating and Living study, which included a mix of Hispanics from Mexico, the Caribbean, Central and South America, found similar intakes of fruits (2.7 servings/day) and vegetables (2.7 servings/day) [23] compared to the Mexican Americans in the present study. The findings of the present study have important implications for developing interventions for Puerto Rican and Mexican American breast cancer survivors. Based on our results, diet quality in general needs improvement, specifically targeting strategies to increase intake of vegetables and whole grains, particularly in Puerto Ricans, increase intake of low-fat dairy products and reduce intake of red meat, added sugars and added fats, such as sugar sweetened beverages and fat used for cooking, particularly those high in saturated fat. This could potentially reduce breast cancer recurrence in these populations as evidenced by the few studies examining the relation between foods and dietary patterns and breast cancer recurrence [24] [25] [26] . In 2522 postmenopausal breast cancer German women, consumption of a healthy dietary pattern (high intake of vegetables, fruits, vegetable oils, sauces/condiments, and soups/bouillons) lowered the risk of breast cancer recurrence (HR 0.71; 95 % CI 0.48-1.06; P trend \ 0.02). Although data from the Nurses' Health Study in 86,621 women showed that a high adherence to the DASH style diet significantly decreased the risk of breast cancer (RR = 0.80, 95 % CI: 0.64, 1.01; P trend = 0.02) [25] it was not significantly associated with breast cancer recurrence or mortality [26] . Also, a high vegetable intake has been shown to decrease breast cancer recurrence (HR for highest vs lowest tertiles: 0.69, 95 % CI 0.55-0.87) [27] while a high-fat dairy intake has been positively associated with breast cancer recurrence [8] in other cohorts. More research is needed to identify other dietary patterns that could decrease or increase breast cancer recurrence in specific populations, as scant data is available.
Some of the limitations of the study included the small sample size. Physical activity differed dramatically between the groups, being much higher in Mexican Americans compared to Puerto Ricans, but at the same time so did smoking habits, which were higher in the former; these different lifestyles could likely impact both diet quality and BMI. Due to the small sample size, we were not able to adjust for all the confounding factors in our analyses. Other limitations include the cross-sectional nature of the study, lack of data about income and differences in the questions included in the FFQs and their comparability. Also, the FFQs were completed after participants completed a 16-week exercise intervention; therefore, results are not generalized to all Puerto Rican and Mexican American breast cancer survivor. However, one of the strengths was the use of validated instruments for each ethnic group, which is important to capture the dietary patterns characteristic of each group. This study is highly unique, filling a critical gap towards designing effective interventions to reduce breast cancer recurrence in these at-risk groups.
In this sample of Puerto Rican and Mexican American breast cancer survivors, dietary patterns were characterized by low intakes of vegetables, whole grains (only in Puerto Ricans), low fat dairy products, and nuts and seeds and high intakes of starchy vegetables, sugar sweetened beverages, animal protein (red meat) and calories from added sugars and fats, particularly in Puerto Ricans. Overall diet quality assessed by DASH score was somewhat low in both group and was not related to weight status. These results could help design interventions specifically targeted to these groups to improve overall diet quality by reducing consumption of red meats, refined grains and calories from added sugars and fats and to increase intake of vegetables, low fat dairy products and whole grains. These interventions could potentially reduce breast cancer recurrence in the future in these groups.
